Abstract. Tasty plants can be protected from herbivores by unpalatable neighbors. We used experimental exclosures, removal of unpalatable species, and transplants of palatable and unpalatable species in subalpine meadows of the Caucasus Mountains of Georgia to study the effects of two unpalatable species on plant communities. We found that Cirsium obalatum and Veratrum lobelianum, two large native perennial herbs that invade after heavy grazing, had strong facilitative effects on communities through their indirect effects on livestock herbivores. These unpalatable invaders had different effects on community composition when livestock were present than when livestock were excluded. Furthermore, removing Cirsium and Veratrum where herbivory was permitted decreased the richness of associated communities, but inside a livestock exclosure removal of these species increased community richness. Transplanted palatable species (Anthoxanthum odoratum and Phleum alpinum) grew larger inside the exclosure, and in the exclosure Cirsium and Veratrum had no effect on their growth. However, outside of the exclosure, Cirsium and Veratrum had strong positive effects on the growth of A. odoratum and P. alpinum. Excluding livestock decreased the growth of Luzula pseudosudetica, another unpalatable species, and Cirsium and Veratrum had no effect on L. pseudosudetica outside the exclosure. In contrast, inside exclosures Cirsium and Veratrum had competitive effects on L. pseudosudetica. Our results indicate that Cirsium and Veratrum, which are in some ways undesirable rangeland weeds, may also play an important role in maintaining species and functional diversity of overgrazed plant communities in the Caucasus.
INTRODUCTION
Palatable species may avoid being eaten by associating with unpalatable neighbors. In an early review, Attsat and O'Dowd (1976) argued that many plant species were "functionally interdependent with respect to their herbivores." They described "defense guilds" in which some members of the plant community functioned as anti-herbivore beneficiaries for other species in three major ways: (1) as hosts for insect predators that attack the herbivores of neighboring plants, (2) as repellent neighbors that make it difficult for herbivores to locate or reject their prey, and (3) as "attractantdecoy" neighbors that attract herbivores to themselves so that they leave the beneficiary alone. As an early example of the repellent neighbor phenomenon, McNaughton (1978) demonstrated that mortality rates of the highly palatable grass Themeda triandra decreased as the abundance of associated unpalatable species increased. Since then, many other studies have documented this indirect form of facilitation, functioning mechanistically as species protecting their neighbors from herbivores (Rausher 1981 Although indirect interactions mediated by herbivores are well documented, their effects on the composition, structure, and diversity of whole plant communities have received much less attention. To our knowledge only one experimental study has examined the indirect effects of herbivores at the scale of whole plant communities. Rebollo et al. (2002) found that the cactus, Opuntia polycantha, can structure plant communities in the shortgrass steppe of Colorado when cattle grazing is intense. Although experimental evidence is scant, the published observations of many ecologists suggest that the positive effects of unpalatable plants on community composition can be strong when consumer pressure is strong (Clements 1934 , Canfield 1948 
, Weaver and Albertson 1956, McPherson and Wright 1990).
In subalpine meadows of the central Caucasus, extensive overgrazing by sheep during the Soviet era coincided with dramatic increases in the abundance of two unpalatable invaders, Cirsium obalatum and Veratrum lobelianum (Callaway et al. 2000) . These species are not exotic, but invaders sensu those species that increase disproportionately in rangelands when 
METHODS
We took two approaches toward measuring the indirect effects of Cirsium and Veratrum on their neighbors. Both approaches entailed establishing exclosures and experimental removal of the invaders, but the first focused on the response of whole communities to manipulation of herbivores and neighbors, and the other focused on the response of transplanted target species. These approaches were intended to qualitatively support each other. Detailed information on the plant communities, descriptive relationships between other plant species and Cirsium and Veratrum, and the site can be found in Callaway = 120 individuals for each of the four target species), and monitored their survival and growth. Two species were chosen because they are considered to be palatable in the region (Grossheim 1952) and are often associated with Cirsium and Veratrum in grazed conditions (Anthoxanthum odoratum and Phleum alpinum), and two other species were chosen because they are considered to be unpalatable (Luzula pseudosudetica and Alchemilla retinervis). Small individuals of these species were transplanted into each of the three treatments in the exclosure and outside of the exclosure in May 2001 and survival and growth was measured in August 2002. Transplants were collected in the field immediately after snowmelt and randomly assigned to a treatment. We used only small plants, those with fewer than 15 leaves, and growth was measured as the proportional change in leaf number. We predicted that the performance of the palatable species would be unaffected by Cirsium and Veratrum inside exclosures, but outside exclosures we predicted that Cirsium and Veratrum will have significant positive effects on these species. In contrast, we predicted that the two unpalatable test plants (Luzula spicata and Lerchenfeldia caespitosa) would not be positively affected by Cirsium and Veratrum either inside or outside of exclosures. We statistically analyzed each transplant species separately using two-way ANOVAs in which exclosure and unpalatable neighbor were fixed effects. Because their effects were similar, to increase statistical power Cirsium and Veratrum were combined in these analyses.
RESULTS
After three growing seasons, excluding livestock at Jvari caused large changes in plant community composition associated with both unpalatable invaders and in the open (Fig. 1) In an analysis of all species identified by Grossheim (1952) as palatable combined, outside of the exclosure percent cover (estimated by giving each Braun-Blanquet class measurement the mean of the percent cover for each class) of palatable species declined by >20% when Cirsium or Veratrum was removed, but inside the exclosure palatable species increased in cover regardless of whether or not Cirsium or Veratrum were removed (Fig. 2) .
Cirsium and Veratrum also had strikingly different effects on community richness inside and outside of the exclosure (Fig. 3) . Outside of the exclosure, species richness was higher under the unpalatable invaders than in the surrounding open matrix. Removing Cirsium and Veratrum resulted in a significant decrease in richness. Inside of the exclosure, Cirsium and Veratrum had no significant effect on community richness as predicted, and removal of the invaders significantly increased community richness indicating that in the absence of intense grazing the strongest effects of these species are competitive.
Experiments with transplanted palatable (Anthoxanthum odoratum and Phleum alpinum) and unpalatable (Luzula pseudosudetica and Alchemilla retinervis) species at the Gudauri exclosure corroborated the general community effects of removal and exclosures at Jvari, but not completely. Palatable species grew larger inside the exclosures (Fig. 4, simplify the analysis) had no effect on the growth of the palatable species. In fact the general trend was a competitive effect of Cirsium and Veratrum on these two palatable species. However, outside of the exclosures, Cirsium and Veratrum had strong positive effects on the growth of A. odoratum and P. alpinum (exclosure x unpalatable neighbor, F = 4.04, df = 1, 68, P = 0.009, and F = 11.53, df = 1, 65, P < 0.001 for Anthoxanthum and Phleum, respectively. A. odoratum was highly palatable (in the whole-community measurements at Jvari it only occurred naturally inside the exclosure) and of all species it showed the most dramatic increase in the community exclosure treatment (from 0 to --15% cover). Outside of the exclosure at Jvari, where we measured community responses, the average abundance score for Phleum alpinum was 1.1 in the open, 3.7 under Cirsium, and 1.6 where Cirsium had been removed (a decrease of 45.1%), indicating a strong facilitative effect of Cirsium. Inside of the exclosure, however, the mean score for P. alpinum was 2.5 in the open, 2.2 under Cirsium, and 2.1 where Cirsium had been removed (an increase of 3.3%), (ANOVA, Cirsium X exclosure, F = 3.08, df = 1, 158, P = 0.019). The absence of a Cirsium effect in the exclosure indicates that its facilitative effect on P. alpinum was indirect, i.e., mediated by repulsion of herbivores by Cirsium and Veratrum.
The results for L. pseudosudetica and A. retinervis were not as clearcut (Fig. 5) . L. pseudosudetica responded as predicted based upon its classification by Grossheim (1952) as unpalatable and its spatial disassociation with Cirsium and Veratrum measured in our earlier study (Callaway et al. 2000) . The exclosure decreased the growth of L. pseudosudetica (exclosure, F = 3.619, df = 1, 69, P = 0.029), and Cirsium and Veratrum had no overall effect (for both species combined, unpalatable neighbor, F = 0.076, df = 1, 69, P = 0.926), but inside exclosures Cirsium and Veratrum had competitive effects on L. pseudosudetica (exclosure X unpalatable neighbor, F = 3.072, df = 2, 69, P = 0.053). L. pseudosudetica was only found at very small amounts in the exclosure at Jvari, and thus we could not match a whole-community scale response to our experimental result. Contrary to our prediction based on its classification as unpalatable, Alchemilla 
DIscusSION
The most salient finding of our study was that two unpalatable invaders provided strong indirect facilitative effects in heavily grazed alpine pastures. This facilitative effect was manifest for individual target species and at the community scale, driving shifts in composition and diversity. Cirsium and Veratrum, which are undesirable rangeland weeds, may in fact play an important role in maintaining species and functional diversity of overgrazed plant communities in the Caucasus. We suggest that the general phenomenon of herbivore-driven increases in Cirsium and Veratrum may preserve community structure at much larger scales by reducing the impact of grazers across landscapes (see In addition to our evidence for herbivory as a cause of the facilitative effects of Cirsium and Veratrum, strong associations between plant community composition and Cirsium and Veratrum canopies remained even three growing seasons after removal. This suggests that these species may also have direct effects on the soil, such as adding nutrients or changing microbial communities. However, it is also possible that these associations are simply the legacy of the herbivore effect that did not disappear in two growing seasons.
Cirsium and Veratrum, which superficially appear to be undesirable rangeland weeds, appear to play an im- 
